Sporadic Salmonella outbreaks with varying clinical presentations have been on the rise in various parts of Uganda. The sources of outbreaks and factors underlying the different clinical manifestation are curtailed by paucity of information on Salmonella genotypes and the associated virulence genes. This study reports molecular diversity of Salmonella enterica and their genetic virulence profiles among human and animal isolates. Characterization was done using Kauffman-White classification scheme and virulence genes analysis using multiplex PCR. Overall, 52% of the isolates belonged to serogroup D, 16% to serogroup E, 15% to poly F, H-S, and 12% to serogroup B. Serogroups A, C1, and C2 each consisted of only one isolate representing 5%. Virulence genes located on SPI-1 [spaN and sipB] and on SPI-2 [spiA] in addition to pagC and msgA were equally distributed in isolates obtained from all sources. Plasmid encoded virulence gene spvB was found in <5% of isolates from both human epidemic and animal origins whereas it occurred in 80% of clinical isolates. This study reveals that serogroup D is the predominant Salmonella serogroup in circulation and it is widely shared among animals and humans and calls for joint and coordinated surveillance for one health implementation in Uganda.
Introduction
Salmonella, subspecies enterica, is an important food-borne pathogen responsible for disease in animals and humans. It has been the leading cause of many outbreaks and infections around the world and is considered as one of the major causes of human gastroenteritis worldwide [1] . Animals have been implicated as important sources of Salmonella-contaminated food products that are responsible for human salmonellosis and in the United States approximately 40,000 cases of salmonellosis are reported resulting in 600 deaths [1, 2] .
The clinical outcome of Salmonella infection in humans presents in two broad features; first, it manifests as a serious systemic infection (enteric fever) caused mainly by Salmonella enterica serovar Typhi (typhoid fever) and the second usually takes the form of a self-limiting food poisoning (gastroenteritis) and is caused by a large number of nontyphoidal Salmonella serovars (NTS) resulting in a range of clinical syndromes including diarrheal disease [3] and fever frequently occurs in developing countries and affects an estimated 21.5 million persons annually, spreading mainly from person to person. In contrast, nontyphoidal salmonellosis is a worldwide disease of humans and animals and has been long recognized as a public health problem responsible for an estimated 1.4 million cases/year, with ∼16,000 hospitalizations and 600 deaths in developed countries [4, 5] . In Sub-Saharan Africa, nontyphoidal Salmonella are emerging as a prominent cause of invasive disease in infants and young 2 International Journal of Bacteriology children, although estimates of incidences have been carried out in isolation, giving no overall demographic picture [6] .
Notably, the severity of the infection and whether it remains localized in the intestine or disseminates to the bloodstream depend on the Salmonella serotype, immune status of the host, and the virulence of the Salmonella isolate [7] . The recognition of the virulence in Salmonella as a major determinant of the outcome of human infection has been well appreciated [7] , and among the various known virulence factors, studies indicated that Salmonella species which putatively possess virulence genes such as hilA and invA are consistently associated with severe illness compared with those which lack such genes [8, 9] .
Recently, there have been increased frequencies of sporadic and epidemic Salmonella outbreaks associated with high prevalence of intestinal perforation in humans in Uganda [10] . Although the common Salmonella serotypes circulating in Uganda and their antibiograms had been fairly studied [11, 12] , information regarding the casual relationship between the human-animal overlap of S. enterica serovars or their virulence profiles had remained scarce and subsequently warranted an investigation. We hereby report the circulating Salmonella serotypes and virulence-associated genes in samples obtained from both humans and animals sources. Additional Salmonella isolates from Kasese District were collected during an epidemic in the same period, here referred to as human epidemic outbreaks isolates. The animal isolates were collected from rectal faeces in slaughter cattle at the Kampala city abattoir and poultry anal swabs obtained from different geographical places in Kampala city between 2007 and 2009 and archived at the Microbiology Laboratory, College of Veterinary Medicine, Animal Resources and Biosecurity, Makerere University. The study employed census method of sample size estimation. Due to the number of individuals targeted, the selection of Salmonella isolates was done using a nonprobability purposive method [13] of all isolates collected from 2007 to 2009. A total of 69 Salmonella isolates were used in this study, 48 were human isolates, and 21 were animal isolates.
Materials and Methods

Study Design
Recovery and Identification of Salmonella.
Archived bacterial samples were thawed and inoculated into sodium thioglycolate broth using sterile inoculating loop, incubated overnight at 37 ∘ C, growth detected by observing turbidity. All further procedures like enrichment, subculturing, and biochemical identification of Salmonella were done using standardized selective and identification media [14] . The identified Salmonella isolates were then used in subsequent analysis.
Serogrouping of Salmonella
Isolates. Using commercial monovalent and polyvalent Salmonella O antisera (Statens Serum Institute, Denmark), serogrouping was carried out by slide agglutination tests according to the manufacturer's instruction manual. Approximately 10-15 L of diluted antisera was delivered onto a glass slide. An equal volume of bacterial suspension was added onto the slide and mixed with a loop. The slide was rocked back and forth for 60 seconds while observing agglutination. An isolate was considered to be positive if agglutination occurred. The Salmonella isolates were classified into O serogroups based on surface antigens [15] . Polyvalent group F, H-S were isolates that reacted positive to polyvalent O Salmonella A-S group antigen but negative to monovalent specific O antigen of serogroups A, B, C1, C2, D, E, and G.
Antimicrobial Susceptibility Testing of Isolates.
The antibiotic susceptibility profiling of the Salmonella isolates was determined by Kirby-Bauer disk diffusion method [16] . Seven different antibiotics were used in this study, namely, tetracycline (30 g), chloramphenicol (30 g), trimethoprimsulphamethoxazole (25 g), ciprofloxacin (5 g), nalidixic acid (30 g), ampicillin (10 g), and ceftriaxone (30 g) (Mast Group Ltd, Merseyside, UK). Antimicrobial susceptibility was done on Muller Hinton agar (Mast Group Ltd, Merseyside, UK) and Escherichia coli ATCC 25329 control strain was used. The diameter of zonal clearance was measured in millimeters and results were recorded as susceptible (S), intermediate (I), and resistant (R) according to CLSI, performance standards for antimicrobial susceptibility testing [17] .
Molecular Analysis
2.5.1. Total DNA Extraction and Purification. Genomic DNA from Salmonella isolates cultured in a sodium thioglycolate broth was extracted using the chloroform-isoamyl alcohol method. Briefly, Cells were harvested by centrifugation at 2400 g for 10 min in an IEC CL31R multispeed centrifuge (Thermo Scientific). The supernatant was discarded and the pellet resuspended in 400 L Tris-EDTA (TE) buffer, containing 0.01 M Tris-HCl pH 7.4, 0.001 M EDTA with gentle agitation. Seventy microliters of 10% SDS (sodium dodecyl sulphate) (Fisher Scientific) was added to the suspension, followed by 5 L of (10 mg/mL stock solution) proteinase K (Ambion5). The samples were then incubated for 1 hr at 65 ∘ C in hybridization oven (Biometra OV2, Anachem, UK). After incubation, 100 L of 5 M NaCl followed by 100 L CTAB/NaCl (prewarmed at 70 ∘ C) was added to the solutions. The solution was gently inverted for 10 sec, incubated at 65 ∘ C for 20 min, and then cooled at room temperature for 5 min. Seven hundred and fifty microliters of chloroform-isoamyl alcohol (24 : 1, Sigma-Aldrich) was added and centrifuged at 1300 ×g for 15 min. The supernatants were transferred to new tubes, treated with 5 L RNase A (5 mg/mL in RNase A buffer containing 0.5 M NaCl, 0.01 M EDTA), and incubated at 37 ∘ C for 30 min. DNA was precipitated with 500 L ice-cold isopropanol containing 0.1 volume sodium acetate and mixed carefully by inverting the tubes. The pellets were incubated at −80 ∘ C for 30 min and centrifuged at 13000 ×g for 10 min. The supernatant was discarded and the pellets were washed twice with 1 mL of cold 70% ethanol followed by centrifugation at 13000 ×g for 15 min. The pellets of DNA were dried at 37 ∘ C for 30 min and reconstituted in 50 L elution buffer [Qiagen] . The quality of DNA was examined by running 4 L of the DNA sample on 0.85% agarose gel. The DNA was subsequently stored at −20 ∘ C awaiting further analysis.
Multiplex PCR for Detection of Virulence Genes.
In order to predict the virulence potential of Salmonella isolates from different sources, the presence of 6 virulence genes (spiA, pagC, msgA, sipB, spaN, and spvB) was screened as two runs; that is, run 1 consisted of 4 (spiA, pagC, msgA, sipB) and run 2 consisted of 2 (spaN and spvB) genes, respectively, using multiplex PCR assays. The forward and reverse primers used for detection of virulence gene and the amplification conditions were adapted from Versalovic et al. [18] . Amplifications were performed in a 25 L reaction mixture comprising 2. ∘ C for 5 min, denaturation at 94 ∘ C for 30 sec, and annealing for 1 min at 53 ∘ C for spvB, spiA, pagC, and msgA and at 56 ∘ C for sipB and spaN and 2 min at 72 ∘ C, with a final cycle of 10 min at 72 ∘ C, followed by a hold at 4 ∘ C. The resulting PCR products were subjected to horizontal gel electrophoresis in 2% agarose and visualized using BioDocIt6 Imaging (UVP, USA) and images retrieved from the computer in the data office.
Data Analysis.
Virulence gene results were analyzed visually and an isolate was considered to contain the virulence gene of interest if it produced an amplicon of the expected size as judged by the molecular marker. These scores were entered into a Microsoft Excel 2007 spreadsheet and then tabulated.
Results
General Serogroup Distribution Pattern of Salmonella
Isolates Obtained from Different Sources. The 69 Salmonella isolates used in this study were obtained from three sources: 25 (36%) from sporadic human clinical cases, 23 (34%) from human epidemic outbreaks, and 21 (30%) from animal sources (Table 1) . A total of 67 isolates were typable using polyvalent O antisera for A-S antigens; the nontypable O antigen was expressed by 2 isolates which were recorded as NT as shown in Table 1 . Further subtyping of 67 polyvalent A-S positive isolates segregated the isolates into serogroups A, B, C1, C2, D, E, and G. The monovalent specific serotyping indicated that majority of isolates (52%) belonged to serogroup D, serogroup E 16%, poly F, H-S 15%, and serogroup B with 12% ( Figure 1 ). The remaining serogroups A, C1, and C2 each consisted of only one isolate representing 5% of the isolates (Table 1) . Of the 10 isolates belonging to poly F, H-S, 6 (60%) were of human clinical origin and 40% were of animal origin. The animal isolates were obtained from pigs, 2 (9.7%), cattle, 7 (33.3%), and chickens, 12 (57%), as in Table 2 . All isolates belonging to serogroups A, B, C1, C2, and E were exclusively of human clinical and animal origins, respectively. Of the 35 isolates belonging to group D, the majority, 63%, were from human epidemic followed by 23% from human clinical cases and 14% from animal origins as shown in Table 1 . Overall, the majority of the human isolates (30 of 48; 62%) belonged to serogroup D (Table 1) . With respect to the source, 22 of 23 (96%) isolates from human epidemic cases belonged to group D (Table 1) . While one isolate was nontypable, none of the Salmonella belonging to serogroups A, B, C1, C2, and E were detected (Table 3) . On the other hand, isolates obtained from sporadic human infections, 35% (8 of 23), belonged to serogroup B or D, while 6 of 23 (26%) were poly F, H-S ( Table 1 ). The remaining 3 isolates each belonged to serogroups A, C1, and C2, respectively. None of isolates in serogroup E or expressing a nontypable O antigen were detected.
Prevalence of Serogroups of Salmonella from Different
Species of Animals. The majority of the isolates, 11 of 21 (52.4%), were of serogroup E, followed by 5 of 21 (24%) for serogroup D, while 19% belonged to polyvalent F, H-S group (Table 2) . One isolate expressing a nontypable O antigen was detected. None of isolates in serogroups A, B, C1, C2, and G were detected. Of the 3 animal species from which specimens were taken, chicken had all the three serogroups (E, D, and poly F, H-S) with 6 of 12 (50%) from serogroup E, 4 of 12 (33%) from serogroup D, and the rest from group F, H-S (Table 2) . Similarly, 4 out of 7 (57%) of isolates from cattle belonged to serogroup D. One isolate belonged to serogroups D and E each in the pig isolates (Table 2) .
Antimicrobial Resistance Profiling.
To understand the antimicrobial resistances profiles of the Salmonella under this study, all 69 isolates were tested against seven antibiotics ( Table 3 ). The antimicrobial drugs used were ciprofloxacin (Cip), ceftriaxone (CRO), nalidixic acid (NA), chloramphenicol (C), trimethoprim-sulphamethoxazole (SXT), ampicillin (Amp), and tetracycline (T). All Salmonella serogroups and nontypable isolates showed no resistance to ciprofloxacin and ceftriaxone while 12.5% resistance to nalidixic acid was detected. Serogroup A isolate was resistant to all antibiotics assayed (Table 3) . However, resistance pattern to the rest of the antibiotics varied widely among serogroups. Serogroup D showed the highest variability from 20% to 97% resistance to chloramphenicol, tetracycline, trimethoprim-sulphamethoxazole, and ampicillin antibiotics. All the isolates of serogroups C1 and C2 were susceptible to all the antibiotics assayed except ampicillin. The resistance pattern for polyvalent group F, H-S ranged from 50% to 80% for tetracycline, trimethoprim-sulphamethoxazole, and ampicillin. Isolates belonging to serogroup B showed more than 50% resistance to all the above four antibiotics while isolates of group E showed resistance to ampicillin and tetracycline. From this study, Salmonella isolates showed the highest resistance to ampicillin followed by trimethoprim-sulphamethoxazole. The most resistant serogroups were A and B and these were predominantly found in human clinical specimens (Table 3) .
Over 60% of all the isolates were resistant to trimethoprim-sulphamethoxazole, ampicillin, and tetracycline (Figure 2) . The antibiotic susceptibility test revealed the presence of multiple drug resistance in both routine clinical and epidemic isolates. Furthermore, human clinical isolates showed the highest variability in resistance patterns from 60% to 100% for all antibiotics from tetracycline to ampicillin International Journal of Bacteriology 5 Epidemic n = 23
Animal n = 21 ( Figure 2 ). Isolates obtained from human epidemic cases registered >95% resistance to 3 antibiotics (trimethoprimsulphamethoxazole, tetracycline, and ampicillin) and a relatively low resistance to chloramphenicol at 9% compared to human clinical cases isolates. On the other hand, animal Salmonella isolates showed minimal resistance of less than 10% to trimethoprim-sulphamethoxazole and tetracycline but a higher resistance of 67% to ampicillin ( Figure 2 ). All isolates were susceptible to ceftriaxone and ciprofloxacin. One isolate of clinical origin showed resistance to nalidixic acid.
Distribution of Virulence Genes among Salmonella Isolates of Different Origins. As shown in Figures 3(a) and 3(b)
and Table 4 , majority of Salmonella isolates carried spiA, pagC, and msgA genes regardless of origin. In contrast, spvB was only detected in 1 out of 21 (5%) isolates from the epidemic and in 80% of the sporadic cases (Table 4) . Further amplification of two virulence genes (spaN and sipB) was carried out and the resultant banding pattern is shown in Figures 4(a) and 4(b). Overall, the most prevalent virulenceassociated genes in human epidemic cases were msgA and spaN while spiA, sipB, and pagC were present in about 80% of the isolates (Table 4 , Figures 3(b) and 4(b) ). Multiplex PCR assays for the amplification of (spvB, spiA, pagC, msgA, sipB, and spaN) genes were carried out in Salmonella isolates from the animal samples ( Figure 5 ). Isolates of animal origin exhibited the same virulence-associated gene pattern as those of human origin (Table 4 and Figure 5 ). Isolates from cattle (>85%) possessed spaN, msgA, sipB, pagC, and spiA and only one had spvB (Table 4) . Strikingly, SpvB was not found in isolates from either pig or poultry. Overall, there appeared to be no major differences in the virulence-associated gene profiles of animal (poultry, cattle, and pig) and outbreak sources, or any differences among the multiple isolates of human origin (Table 4) .
Carriage of Virulence Genes by Salmonella Isolates from
Different Serogroups. The distribution of the 6 virulenceassociated genes in Salmonella is summarized as shown in Table 5 . All the virulence genes assayed except spvB were present in all the isolates belonging to serogroups A, B, C1, and C2 and in more than 80% of isolates belonging to serogroups D and E. spvB was present in 7 (87.5%) of the isolates in serogroup B while being found in all the isolates belonging to serogroups A and C1. Conversely, none of the isolates in serogroup C2 possessed spvB and only 9 (25.7%) isolates belonging to serogroup D had this virulence gene. spvB was found in 9.7% and 40% of isolates belonging to serogroups E and polyvalent F, H-S, respectively. All the 11 isolates in serogroup E had sipB and spaN whereas 10 had msgA, pagC, and spiA. About 60% of isolates in polyvalent F, H-S had spiA, pagC, and sipB while 7 (70%) had msgA and spaN with 4 (40%) having spvB. Interestingly, none of the 2 nontypable isolates had any of the six virulence genes assayed in this study.
Discussion
This study sought to characterize Salmonella enterica isolates from both animal and humans samples as well as detecting the associated virulence genes. Phenotyping showed a high variation in serogroups among isolates obtained from all the sources. Fifty-two percent of all the isolates belonged to serogroup D, 16% to serogroup E, 12% to serogroup B, and 15% to poly F, H-S while serogroups A, C1, and C2 each consisted of only one isolate. Not surprisingly, all the serogroups identified in this study belong to Salmonella enterica I subspecies which is responsible for most of human salmonellosis [19] . There was a remarkable variation in distribution of serogroups according to isolate sources. Of the 35 isolates belonging to serogroup D, majority, 63%, were from human epidemic cases, 23% from routine clinical cases, and 14% from animal origins. This indicates that there is wide sharing of isolates between animals and humans, incriminating animals partly as potential source of clinical salmonellosis. Previous studies have highlighted the significance of zoonotic salmonellosis in human infections [20] . It was observed that Salmonella isolates collected from the human epidemic used in this study were serotyped as S. Typhi [10] . The fact that S. Typhi is not animal adapted [21] implies that the animal isolates that shared serogroup D could be of different serotype. This is because the antigenic coat D is shared by diverse Salmonella strains belonging to multiple serotypes. Conversely, isolates belonging to serogroup E were exclusively of animal origin and this result conforms to existing literature showing that all serotypes in serogroup E are animal restricted [22] . One striking observation is that most of the human clinical salmonellosis was caused by isolates of divergent serogroups (A, B, C1, and C2) not found in samples from animal origin with exception of poly F, H-S, suggesting that the potential source of clinical infection could have been from the environment, soil, and water. However, the role of animals as potential source of these pathogens could not be ruled out since a small sample size was used. There is need for a larger sample size in future studies to determine whether such serogroups reported in this study may be infecting animals in Uganda.
In terms of the distribution of drug resistance among Salmonella isolates, high variability of patterns with respect to serogroups and sources is confirmed. Although animals are known to be the main reservoir of Salmonella and a common source of human contamination [1, 2] , it is interesting to note that the frequency of antibiotic resistance to tetracycline, ampicillin, and trimethoprim-sulphamethoxazole in this study was higher in isolates of human origin than in animal and/or poultry isolates. This observation conflicts with reports by other authors [23, 24] and extricates the antibiotic use in animal feeds as a potential source of resistance induction to human infections. Plausible explanations could be as follows: (i) selective pressure existing in hospital environments that strongly contribute to the increasing resistance of strains isolated in such environments; (ii) irrational use of antibiotics through either easy access self-medication, poor prescription, or incomplete dosage in the general population. The same reasons could also shed light on the observed resistance to chloramphenicol and nalidixic acid exhibited by the clinical isolates collected from Kampala versus epidemic samples from Kasese District and further corroborated findings by Mahero et al., 2013 [24] . Although these isolates belonged to a different serogroup from those causing human epidemics, this poses a big threat to public health interventions and calls for effective surveillance program to ascertain its magnitude.
Salmonella isolates incriminated in human epidemic outbreak, clinical cases, and Salmonella isolated from clinically healthy animals were assayed for their possession of certain putative virulence genes in an effort to identify factors that are important to the virulence of this organism. Of particular interest in this study were genes involved in intracellular survival, adhesion, and invasiveness [25, 26] . The genes include spaN, sipB, and spiA which are associated with type III secretory system [27] [28] [29] . The msgA, spvB, and pagC genes encode products that are associated with cell invasion, survival within the cell, and adhesin or pili production [30] [31] [32] .
Genes located on SPI-1 (spaN and sipB), and on SPI-2 (spiA) along with pagC and msgA were found in 100% of isolates belonging to serogroups A, C1, C2, and B and in more than 80% in isolates in serogroups D and E, suggesting a ubiquity of these genes in Salmonella serogroups. Similarly, these genes were present in over 80% of isolates obtained from either human clinical, epidemic, or animal origins suggesting their wide distribution among Salmonella isolates regardless of their host of origin. A recent study assaying >50 genes also did not find major differences in the virulenceassociated gene profiles of the poultry (egg houses and farm) and outbreak strains, nor any differences among the multiple isolates of serovars [33] . Similarly, another study, which included 17 genes, did not find any significant difference between sick and clinically healthy birds [34] .
In contrast to these highly prevalent genes, spvB gene was found in <5% and 15% of isolates from human epidemic and animal origins, respectively, whereas it occurred in about 80% of clinical isolates. In addition, this gene was present in >80% of isolates belonging to serogroups A, B, and C1 and in <23% of isolate in serogroups D, E, and poly F, H-S. However, not all isolates of a plasmid bearing serogroups contain this virulence plasmid, which could explain why spvB was found in such a low proportion of isolates compared with chromosomal genes. Overall, the strong similarities in virulence genotypes between isolates obtained from different origins might indicate that the Salmonella of animal and human clinical and epidemic cases are capable of causing salmonellosis under conditions conducive to illness and that virulence genotyping, at least with genes studied here, might have marginal influence in enhancing severe infection. This study also reveals that serogroup D is the predominant Salmonella serogroup in circulation and it is widely shared among animals and humans and calls for a joint and coordinated surveillance for one health implementation in Uganda.
To the best of our knowledge, the present study is the first comprehensive study attempting to provide insight into the genetic diversity of Salmonella and its associated virulence genes circulating in both humans and animals in Uganda.
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